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I. INTRODUCTION
Human capital, along with physical capital, plays an indispensable role in economic development. Human capital formation entails spending on education, health and training. Lucas (1988) held the view that public spending on education promoted human capital, which in turn might contribute to economic growth. Romer (1990) highlighted the role of spending on research and development in economic growth. More speci cally, in respect of the endogenous growth theory, spending on education and health is viewed as promoting human capital, which would lead to endogenous technical progress and thus accelerated economic growth. In accordance with this theoretical proposition, policymakers very often advocate increased spending on the education and health sectors, particularly at the early stage of development. Some empirical studies support the view that ef cient and suf cient spending on the education and health sectors fosters human capital formation and promotes economic growth (Schultz, 1961; Swaroop, 1996; Lee and Barro, 1997; Psacharopoulos and Patrinos, 2004; Gupta, Clements and Inchauste, 2004) . However, the ef cacy of such spending in Asian and Paci c countries remains scantly researched and documented. In the present paper, an attempt is made to ll this gap through an examination of the role of public spending on education and health-care services in promoting economic growth in the context of 12 countries in the Asia-Paci c region by using comparatively recent datasets covering the period 1981-2011. The choice of the countries in this study was constrained by the availability of a continuous time series dataset of the variables concerned.
1 Details of the location and overall economic status of these countries along with the corresponding study period are presented below. Vol. 19, No. 2, December 2012 2/2 1 Long economic time series datasets for some high-income developed countries in the region, such as Australia and New Zealand, were not collected; as result, these countries were not included in the study.
Table 1. Sample countries and study period
Most of the countries in the Asia-Paci c region are lagging behind the developed world with regard to human development. Acute diversity in this region is found in terms of topography, culture, politics and the state of human development. In order to exploit the opportunities offered by globalization and to attain balanced regional development, the countries concerned are expected to progress in unison. In this context, the development of human resources is of the utmost importance. Nevertheless, some countries in the region have failed to give these aspects due importance in their economic development strategies.
During the last three decades, most countries in Asia and the Paci c have elevated themselves from being overpopulated, low-income countries to become growing economies facing many challenges. Over the years, ESCAP, the Asian Development Bank (ADB) and the World Bank have shown keen interest in the economic and social development of the region. Several development projects have been implemented in which inclusive and good-quality education and adequate health services have emerged as strategic elements. Data re ecting achievements in the education and health sectors of the selected countries over last three decades are contained in table A.1 in the annex. Vol. 19, No. 2, December 2012 2/3 21 Budgetary allocations for the education and health sectors in the selected countries are documented in table A.2 in the annex, which shows that such spending in almost all the selected countries has been rising over time. Among these countries, allocations to the education sector as a percentage of GDP are highest in Maldives followed by Malaysia and the Republic of Korea. Health-care spending as a percentage of GDP is highest in the Philippines followed by Maldives and the Republic of Korea. Factors affecting the variations in the allocations to the education and health sectors may depend on the scal scenario and on whether the Government employs welfare or compulsion which are, by and large, some practical constraints of a political economy. 
II. THEORETICAL ISSUES AND REVIEW OF SELECTED EMPIRICAL STUDIES Theoretical issues
There is a difference of opinion among economists on the causal relationship between public sector spending and the steady growth of an economy. The Keynesian school of thought postulates that public expenditure contributes positively to income growth in the short run through the multiplier process. Public expenditure can be used as an exogenous scal policy instrument to in uence economic growth. On the other hand, Wagner (1883) postulated that, when the per capita income of a country increased, the Government would raise public spending. This is popularly known as Wagner's law, under which GDP growth causes a rise in public spending and in such a case an unidirectional causality runs from GDP growth to public expenditure. Empirical ndings in this regard, however, are inconclusive in the countries concerned. According to Barro (1991) , investment expenditure, especially in State-owned production, contributes positively to economic growth. On the other hand, government consumption spending has growth-retarding effects, but the problems relate to the categorization of expenditures under two broad forms of consumption and investment headings in empirical investigations.
Public expenditures are often categorized into productive and unproductive expenditures. This categorization implies that productive expenditures have a direct positive effect on economic growth while unproductive expenditures have an indirect effect or no effect. Again, with productive (and development) expenditure, there may be some components, such as spending on economic overheads, which involve a very long gestation period. Quantitative analysis may even fail to capture returns on such expenditure in the short run. Vol. 19, No. 2, December 2012 2/4 2 See Persson and Tabellini (2000) for details.
Spending on education and health is generally regarded as productive spending with a comprehensive role in the economy. Returns from such spending are often accounted for in terms of appreciable progress in education and health constraints. Progress in education constraints generates private and social returns, where private returns include empowerment and higher individual earnings (Mincer, 1974) . Over the last three decades, a plethora of empirical studies have established that individual earnings are associated with more schooling (Psacharopoulos and Patrinos, 2004; Hanushek and Wössmann, 2007) . Social returns, on the other hand, may result in the renovation of society harnessing human resources. Educational attainment promotes awareness, and truly educated citizens help build a peaceful nation. Besides, education helps improve the health awareness of people and enhance social and political participation (Hill and King, 1991; Currie and Moretti, 2003) .
Access to available health services increases life expectancy, reduces infant mortality and improves upon many other health parameters. Healthiness reduces casualty due to illness and increases the competence of the workforce, which indirectly contributes to economic growth. These bene cial effects of health are well documented by Howitt (2005) and developed into a theoretical model based on the Schumpeterian growth theory where six different channels are identi ed through which improvement in the health status of a country may affect its long-run growth.
Indirect returns from human capital, or spillover effect, may remain uncaptured by quantitative parameters cited in economic growth. However, such indirect spillover effects are very important for developing countries since investment in human capital also has self-sustaining intragenerational returns. Human capital, such as academic attainment and knowledge of the current generation, is transmitted automatically to the future generation of a society, and in this way human capital investments have self-sustaining returns in the longer term as well.
The implications of education in economic development have been investigated since the early 1960s by the so-called Human Capital School, which originated at the University of Chicago (Schultz, 1961; Becker, 1964) , where expenditure on education was regarded as an investment. Spending on education and health has also been justi ed in endogenous growth theory (Lucas, 1988; Romer, 1990) . In the endogenous growth model, technological progress, which increases productivity and accelerates the pace of growth, can be determined within the model through the formation of human capital. Spending on education and health helps promote ef ciency, knowledge and inventions, all of which contribute to the economic growth of a country. Lucas (1988) Vol. 19, No. 2, December 2012 
where y is output, K is physical capital, u is the fraction of time devoted to productive activities (and the rest to accumulation of knowledge), h is the human capital input and h a is the average human capital in the economy. Spending on education and health care proceed as human capital inputs. These inputs contribute to human capital and therefore to output growth through either direct accumulation (uh) or the existing stock of knowledge (h a ), which leads to innovation and spills over into the rest of the economy. Moreover, if γ > 0 , then the production function involves increasing returns to scale, where productivity growth is endogenized in human capital inputs.
It is therefore recognized that spending on education and health care may promote output growth of the economy through the channel of human capital formation. If this is the case, we can state the relationship between output and spending on education and health care in the following way: Equation (2) represents a Cobb-Douglas production function, where Y t is output (GDP) per unit of labour, A is total factor productivity, E t is the spending on education and H t is the spending on health care, while α,β are the shares of education and health-care spending respectively.
Taking log, Differentiating with respect to " t", we have: or where Y, E, H are output growth, growth of education expenditure, growth of health-care expenditure respectively and . Vol. 19, No. 2, December 2012 2/6 
1 dε t ε t dt ϑ t =˚˚˚˚ Equation (4) asserts that output growth depends on the growth of education expenditure and growth of health-care expenditure. However, the relationship between output growth and education and health-care expenditure is usually not instantaneous. Accordingly, the estimable form of equation (4) may be:
where, E t-i , H t-i (i = 1, 2,.., k) are lagged series of E t and H t respectively.
Review of selected empirical studies
A plethora of empirical studies have enquired into the relationship between education expenditure and economic growth across countries. Musila and Belassi (2004) explored the relationship between government education expenditure (per worker) and economic growth for the period 1965-1999. They found that education expenditure per worker had a positive and signi cant impact on economic growth in both the long run and short run. Al-Yousif (2008) examined the causal relationship between education expenditure (as a proxy for human capital) and economic growth in the six economies of the Gulf Cooperation Council over the period . Results based on the Granger causality test, within a vector error-correction mechanism, are mixed and varyied across the countries. Permani (2009) reviewed the literature on the link between education and economic growth in East Asia and found that education assumes an important role in economic growth, although it is not a singularly important one. Permani (2009) was of the view that the observed two-way causal link between education and economic growth appeared to be ambiguous. Li and Liang (2010) examined the sources of economic growth through the estimation of an augmented Mankiw-Romer-Weil model, which considers human capital in the forms of both health and education for a group of East Asian countries. Empirical results, based on panel data analysis for the period 1961-2007 and subsample estimation for the period following the 1997 Asian nancial crisis, exhibit the impact of the stock of health and education on economic growth, that is, that such growth is statistically signi cant while the impact of health on economic growth is stronger than that of education. Some other empirical studies examine the role of education and health-care spending in terms of progress in education and health constraints (Kim and Moody, 1992; Gupta, Verhoeven and Tiongson, 2002; Farahani, Subramanian and Canning, 2010 ).
An extensive body of empirical research has been compiled over the last three decades on the role of education and health-care spending in the promotion of economic growth. Wilson (1995) enquired into the relationship between medical care Vol. 19, No. 2, December 2012 2/7
expenditure and GDP growth in countries belonging to the Organization for Economic Cooperation and Development (OECD) and reported a bidirectional relationship between these variables. Devlin and Hansen (2001) examined Granger causality between aggregate health-care spending and GDP in 20 OECD countries. In some countries health-care expenditure was found to Granger cause GDP, while for the others Granger causality from GDP to health-care expenditure was noted. Bhatt and Jain (2004) studied the long-run relationship between private health-care expenditure and GDP in India through cointegration tests, but found no cointegrating relationship. Kiymaz, Akbulut and Demir (2006) examined the long-run relationship among the per capita private, public and total health-care expenditures vis-à-vis per capita GDP and the population growth of Turkey. They observed cointegrating relationships among health-care expenditure and GDP and population growth. The evidence of causality running from per capita GDP to health-care expenditures was also cited. Wang (2011) explored the causality between health-care expenditure and economic growth for 31 countries through the estimation of panel regression and quantile regression equations over the period . Panel regression analysis testi ed that expenditure growth positively contributed to economic growth, while economic growth retarded the growth of health expenditure. On the other hand, quantile regression analysis showed that the in uence of expenditure growth on economic growth varied with the level of economic growth.
III. VARIABLES, DATASET, STATIONARITY AND COINTEGRATION
The present empirical study involves GDP (measure of economic growth), public spending on education and health care based on a dataset of the 12 countries in Asia and the Paci c mentioned previously. Log-level series (expressed in real terms) of GDP and public spending on education and health care are denoted by Y t , E t and H t respectively. Corresponding rst difference series (growth series) have been denoted by ∆Y t , ∆E t and ∆H t respectively.
Stationarity and order of integrability of the dataset have been tested through the Augmented Dickey-Fuller (ADF) (Dickey and Fuller, 1981) unit-root tests. Table 2 presents the results of such tests on selected series at level and upon rst differencing. ADF tests accepted the null hypothesis of unit-root (even at the 1 per cent level) in all three series at the log levels in the countries. However, these ADF tests rejected the unit-root of the series upon rst differencing. ADF tests therefore testify that the selected series of the countries under study are I(1) by nature.
The existence of long-run relationships among the I(1) series requires study of cointegration. This is done in view of the fact that an equilibrium relationship among Table 2 . Results of unit-root tests Vol. 19, No. 2, December 2012 2/9
Source: Authors' calculation. (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I ( (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) I (1) ADF test on first difference data ADF test on level data Vol. 19, No. 2, December 2012 GDP, education and health-care spending requires that their stochastic trends be linked. Linkage among the stochastic trends would indicate that the variables are cointegrated. The cointegration study involves multivariate cointegration tests of Johansen (1991; . Table 3 summarizes the results of Johansen cointegration tests involving log level I(1) series of GDP, education and health-care spending in the selected countries. Johansen tests established cointegrating relationships in the case of Bangladesh, Kiribati, Malaysia, Maldives, the Philippines and the Republic of Korea. On the other hand, the Johansen cointegration tests established the absence of cointegrating relationships in the case of Fiji, Nepal, Singapore, Sri Lanka, Tonga and Vanuatu. Notes: * Significant at the 1 % level; ** significant at the 5 % level.
IV. IMPACT OF EDUCATION AND HEALTH-CARE SPENDING ON GDP Methodological issues
The cointegrating relationship among GDP, education and health-care spending was con rmed in the economies of Bangladesh, Kiribati, Malaysia, Maldives, the Philippines and the Republic of Korea. Thus the impact of education and health-care spending on GDP (based on the normalized cointegrating equation) was studied through the estimation of an appropriate vector error correction (VEC) model. For this purpose, the following VEC model was used: 3 where '∆' is the rst difference operator; (EC) t-1 is the error correction term lagged one period; and ρ 1 , ρ 2 , ρ 3 are the short-run coef cients of the error correction term (speed of adjustment parameters). The speed of adjustment parameter is very important in the analysis of error correction mechanism. A higher value of the parameter indicates higher speed of adjustment of the model from short-run disequilibrium to long-run equilibrium.
Rejection of cointegrating relationships among GDP, education and health-care spending in Fiji, Nepal, Singapore, Sri Lanka, Tonga and Vanuatu does not discard the possibility of having any causal relationship among the series. Such possibilities were investigated through the estimation of the unrestricted vector autoregression (VAR) model presented through equations (9), (10) and (11).
4 According to the requirement of the VAR model, rst differenced stationary series (growth series) of the variables concerned are used. Vol. 19, No. 2, December 2012 2/11 3 However, the results of estimated equation (1) are needed in line with the objective of this study. 4 Results of estimated equation (4) in countries are reported according to the objective of this study.
where ∆Y t-i , ∆E t-i , ∆H t-i ( i = 1, 2,.., k) are lagged series of GDP growth, growth in education and health-care spending respectively. ε 1t , ε 2t and ε 3t represent innovations that may be contemporaneously correlated but are uncorrelated with their own lagged terms and with all of the right-hand side variables. For the selection of optimum lag length (k), lag selection criteria have been adapted. Besides, the block exogeneity in the VAR model has been examined through Wald tests. Variance decomposition analysis 5 is used to identify the relative importance of education and health-care spending in the variation of GDP (growth) in the out-of-sample periods ahead. Such an approach appears to be an improvement upon the methodological structures of the existing studies on Asian and Paci c countries.
Findings from the estimated vector error correction model for Bangladesh, Kiribati, Malaysia, Maldives, the Philippines and the Republic of Korea Results of the estimated VEC models for the economies of Bangladesh, Kiribati, Malaysia, Maldives, the Philippines and the Republic of Korea are presented in table 4. Variance decomposition of GDP in the countries concerned is summarized in table 5. Vol. 19, No. 2, December 2012 2/12 5 The forecast error variance decomposition reflects the proportion of forecast error variance of a variable which is explained by a change in itself as opposed to that proportion attributable to change in other interrelated variables.
Bangladesh is one of the least developed South Asian countries. Over the last three decades the country has been performing slowly. The GDP per capita (based on purchasing power parity at constant 2005 international dollars) of Bangladesh registered an increase from $676.80 in 1980 to $1,568.40 in 2011. Between 1980 and 2011, the expectation of life at birth rose by an additional 13.7 years. The infant mortality rate sharply declined to 38 per 1,000 live births in 2011 from 130 in 1980. Progress has also been noticed in family planning. The country's Human Development Index (HDI) score increased from 0.259 in 1980 to 0.500 in 2011.
Our study shows that in Bangladesh the short-run dynamics among GDP, education and health-care spending over the period 1981-2011 is signi cant. These short-run dynamics move towards the long-run equilibrium state, correcting 64 per cent of the disequilibrium errors of the past periods. It was also found that both education and health-care spending have been contributing to GDP where the gestation lag of education spending is four years and that of health-care spending is one year.
A signi cant role of education and health-care spending in GDP of Bangladesh was also revealed by the Wald test, where the calculated chi-square statistic accepts the null hypothesis of Granger causality against the alternative hypothesis of block exogeneity of GDP in our estimated VEC model. In the event of continuation of such a relationship in the future, the variance decomposition analysis indicates that both education and health-care spending may make a signi cant contribution to the composition of the country's GDP pro le in years to come.
Kiribati
The estimated VEC model for the economy of the Paci c island country Kiribati testi es that one-year lagged education spending in the past three periods has led to a rise in GDP, while health-care spending in the past two periods seems to have retarded the country's GDP growth. 6 The Wald test results con rmed the endogeneity of the variables. Decomposition of forecast error variances for GDP demonstrates that, in the event of the current economic structure remaining unchanged, education spending would account for at most 38 per cent of GDP, and health spending would account for at most 11 per cent in the years to come. . 19, No. 2, December 2012 2/13 6 The lag-structure in the VEC model could not be extended for in-depth study because of the paucity of the degrees of freedom.
Malaysia
The estimated VEC model in the case of Malaysia reveals that the speed of adjustment coef cient is negative but statistically insigni cant even at the 10 per cent level. Therefore, disequilibrium errors fail to affect GDP in Malaysia. In this estimation, the lagged coef cients of education and health-care spending are also found to be insigni cant even at the 10 per cent level. GDP in Malaysia appears to be exogenous in this system.
Wald tests, on the other hand, revealed that health-care spending Granger causes GDP at the 10 per cent level. Therefore, the Wald test rejects the possibility of block exogeneity of GDP (at the 10 per cent level). The variance decomposition analysis suggests that if no endogenous and/or exogenous structural change occurs then health-care spending may be able to account for 28 per cent of the variance of GDP in the periods ahead.
Maldives
Maldives is the smallest country in Asia in terms of land area and population. Over the last two decades the economy of Maldives improved, from being one of the poorest countries in the world to becoming an upper middle income country, although its economic base remains limited to only two sectors, sheries and tourism. Over this period the economy also recorded signi cant progress in human development. In terms of literacy rate, infant mortality rate and life expectancy, the country is considerably ahead of many other neighbouring countries. Maldives also achieved phenomenal success in terms of the Millennium Development Goals. Currently only 1 per cent of its population is living under the poverty line; starvation is virtually non-existent; HIV rates have fallen; and malaria has been eradicated. The HDI score of Maldives in 2011 was 0.661.
The cointegrating ndings of the study suggest that in Maldives education spending has a positive impact on GDP. Speci cally, estimated four-year lagged education spending is found to be positive and signi cant at the 5 per cent level, indicating that budgetary allocations for the education sector lead to a rise in GDP for Maldives, with the gestation lag being four years. On the other hand, the impact of health-care spending on GDP is found to be negative. Other lags are found to be statistically insigni cant even at the 10 per cent level.
These ndings have been supplemented by the Wald test, where the Wald test statistic (x 2 statistic) accepts Granger causality (in the model with GDP acting as the dependent variable) and rejects the possibility of block exogeneity of GDP even at the l a . 19, No. 2, December 2012 2/141 per cent level. Estimated decomposed forecast error variance of GDP indicates that, in the presence of such relationships in the future, both education and health-care spending may contribute equally to the composition of the GDP pro le and account for a signi cant part of the variance in GDP.
However, the matter of concern is the negative impact of health-care spending on GDP. Such a negative impact may be due to some practical constraints of the health-care sector, such as inherent geographical location (and scattered population), lack of professionally and technically skilled health personnel (human resource constraint), vulnerability to climatic changes and environmental health problems, and emerging and re-emerging diseases. Several steps have been taken by the country to address these problems. Compared with other South Asian countries, allocations in the health-care sector are the highest in Maldives. Owing to human resource constraints, the country is compelled to hire experts from abroad, which is a huge nancial burden on the health sector. Scattered locations pose increasing costs on health-care delivery. These problems hinder the ef ciency of health-care services in Maldives and may be the possible disguised factors accounting for the negative contribution of health-care spending in GDP. However, an in-depth study is required to identify the speci c reasons.
Philippines
The emerging economy of the Philippines is rapidly transiting to industrialization. The literacy rate of the country was recorded as 95 per cent in 2008. Life expectancy at birth increased from 48 years in 1980 to more than 68 years in 2010. The Human Development Report 2011 revealed that the country's HDI score was 0.644. The estimated VEC model for the economy of the Philippines shows that the speed of the adjustment parameter is negative and statistically signi cant at the 1 per cent level. It indicates that the short-run dynamics that GDP maintains with education and health-care spending are signi cant. In each period, 32 per cent of the disequilibrium error has been corrected and the system converges to the long-run equilibrium state. The estimate of two-period lagged education spending is found to be negative and signi cant at the 10 per cent level. It implies that two-period lagged education spending has some growth-retarding effect. Estimates of one-and two-period lagged health-care spending are found to be positive and statistically signi cant even at the 5 per cent and 1 per cent levels respectively. These imply that spending on the health-care sector in the Philippines contributes to GDP growth with a time lag of one to two years. Findings of the Wald test in this regard is that health-care spending Granger causes GDP but education spending fails to Granger cause GDP. Findings of variance decomposition analysis further testify to the signi cant role of health-care Vol. 19, No. 2, December 2012 2/15 33 spending in GDP compared with education spending in the composition of the GDP pro le in forthcoming periods where health-care spending may account for more than 48 per cent variance of GDP in the 12-year forecast periods ahead.
Republic of Korea
Estimated VEC models for the Republic of Korea reveal that the error correction term, or the speed of adjustment parameter (EC t-1 ), is negative and statistically signi cant at the 1 per cent level. That term implies that the short-run dynamics that GDP maintained with education and health-care spending in the Republic of Korea are signi cant. The (absolute) value of the speed of adjustment parameter ( |EC| t-1 ) is 0.069, indicating that only 6.9 per cent of disequilibrium errors of previous periods have been corrected for the present period. Estimated coef cients of lagged education and health-care spending are statistically insigni cant even at the 10 per cent level. This implies that lagged spending in education and health care fails to affect GDP; therefore, GDP seems to be exogenous in this model. The Wald test further con rms the exogeneity of GDP in this model. However, forecast error variance decomposition of GDP (presented in table 4) based on the estimated VEC model indicates that in the Republic of Korea education spending accounts a signi cant percentage of forecast error variance of GDP in the out-of-sample forecast horizon. Speci cally, education spending accounts for about 21 per cent of forecast error variance of GDP at the three-period-ahead horizon, which further increased by 49.6 per cent at most in the six-period-ahead forecast horizon. Health-care spending in this regard accounts for at most 9.9 per cent of the forecast error variance of GDP at the 12-year forecast horizon.
Apart from these documented facts and gures, the ndings of statistically insigni cant impacts from education and health-care spending on GDP are quite surprising. It seems a possibility that GDP growth might be predominantly due to some other factors, such as technological improvement, ef cient production process, allocation of resources and administrative innovations. In such cases, the impacts of education and health-care spending on GDP appeared to be less spectacular, which is re ected in the insigni cant coef cient of the variables at different lags in the estimated VEC models. Results of the estimated VAR models for the economies of Fiji, Nepal, Singapore, Sri Lanka, Tonga and Vanuatu are presented in table 6. Based on the estimated VAR models, the corresponding forecast error variance decomposition of GDP growth is presented in table 7.
Fiji
Findings from the analysis in the case of Fiji are similar to those for Tonga. In the estimated VAR model for Fiji the coef cient of ve years of lagged GDP is positive (0.58) and signi cant at the 10 per cent level, indicating that education spending has some growth effect on GDP. However, the role of health-care spending on GDP growth was found to be statistically insigni cant. The Wald test rejects the possibility of causal effect of both education and health-care spending on GDP growth. However, from the variance decomposition table the indication is that education spending may contribute to the country's GDP growth in the future.
Nepal
In Nepal both education and health-care spending exhibit a contributing role for GDP growth. At the initial period spending on education has a growth-retarding effect. However, such spending contributes positively to GDP with time lags of four years. Health-care spending, on the other hand, contributed to GDP growth at a time lag of one year. Therefore, ndings concerning the role of education and health-care spending on GDP in Nepal are similar to those in the case of Sri Lanka. However, Nepal is far behind Sri Lanka in respect of progress in human development as well as progress in other aspects of the economy.
Nepal is among the least developed countries and has been performing slowly in terms of economic and social development. In Nepal, the adult literacy rate has increased from 20. . 19, No. 2, December 2012 2/20 37
Singapore
In Singapore estimates of four-year lagged education spending and one-year lagged health-care spending were found to be positive and signi cant at the 5 per cent level. Values of these estimates are 0.256 and 0.226 respectively. Estimates of all other lags are insigni cant (even at the 10 per cent level). Statistically signi cant estimates of (lagged) education spending and health-care spending in the presence of lagged GDP in the VAR equation indicate that both education and health-care spending Granger cause GDP growth in Singapore over the period of the study. These ndings have been con rmed further through the Wald test. Variance decomposition analysis found that in the future health-care spending may play a more signi cant role than education spending in the composition of the GDP growth pro le of Singapore.
The signi cant role in education and health-care spending in the GDP growth of Singapore may be viewed as a success for domestic policy. In this regard, Osman-Gani (2004) presented an account of macro-level strategies of human capital formation and their success. Particularly since the country's independence, the economy of Singapore rapidly has been transformed from being a low-income economy to a high-income developed economy. In terms of almost all economic and social parameters, the progress of the country is very impressive. Based on 2011 data, the literacy rate in Singapore is 96.1 per cent, expectation of life at birth is 82 years, labour force participation rate (percentage of economically active persons to the population aged 15 years and older) is 66.1, 7 and number of doctors per 10,000 population is 18. The country's HDI score was 0.889 in 2011 and it rose to the 26 th position in the HDI rankings. One of the most important reasons behind the phenomenal success of Singapore is the strong base of human capital which the country has generated through consistent and strategic national policy of spending in the education and health sectors for the development of the country.
Sri Lanka
Although 20 years of internal strife has affected Sri Lanka immensely, the country recorded a much better performance in human development relative to other countries in the South Asian subregion. Sri Lankan policymakers recognize education and health as priority sectors and followed a consistent policy in that regard. This has resulted in the country's phenomenal achievements in education and health. According to the Human Development Report 2011, the country's HDI score of 0.691 (rank 97 th ) places Sri Lanka on the list of medium HDI countries. . 19, No. 2, December 2012 2/21 7 Available from www.singstat.gov.sg/stats/keyind.html#keyind.
Human development performance in Sri Lanka is re ected in our empirical ndings. Speci cally, the estimated VAR model for the economy of Sri Lanka showed that at the initial period (lag 2) education spending has a growth-retarding negative impact. However, with the passage of time, such spending contributes to GDP growth, particularly at the ve-and six-year lag periods. On the other hand, estimates of health-care spending at lag 1 and lag 5 have signi cant positive impacts on GDP growth. In short, in the economy of Sri Lanka spending on health care contributes to GDP growth with both shorter and longer horizons of time. Findings of the estimated VAR model are quite consistent with the ndings of Wald tests reported in the lower panel of table 6. The variance decomposition table indicates that in the future education spending may play a more signi cant role than health-care spending in promoting the GDP growth of the country.
Tonga
The economy of Tonga relies on remittances from Tongans living abroad as well as on foreign aid. The country has no strategic and mineral resources and therefore is based on primary activities, such as agriculture and shing. Assistance from the World Bank, aid from Australia and New Zealand as well as from China and Japan help develop the education sector of the country. The Paci c Regional Initiative for the Implementation and Delivery of Basic Education, or "PRIDE", also helps promote the quality of education in the country. The HDI score of the country increased to 0.704 in 2011.
In Tonga, education spending helps raise GDP growth. More speci cally, the coef cient of three years of lagged education spending in Tonga is 0.56 (i.e. positive) and is signi cant at the 5 per cent level. Spending on education in Tonga therefore helps raise GDP growth with a gestation lag of three years. However, the impact of health-care spending on GDP growth was found to be statistically insigni cant. This result has further been con rmed through the Wald test. Variance decomposition analysis indicates that in Tonga education spending may be helpful in constituting a GDP growth pro le in the future.
Vanuatu
The economy of the mountainous country of Vanuatu largely depends on agriculture and tourism. Economic reforms and a stable Government have helped the country progress in terms of human development. For instance, life expectancy is currently more than 70 years. The adult literacy rate is above 82 per cent. The net enrolment rate at the primary level is 100 per cent. Infant mortality sharply declined from 49.9 per 1,000 in 1980 to 11.4 in 2010. Vol. 19, No. 2, December 2012 In the economy of Vanuatu two-period lagged education spending helped raise GDP growth, while one-period lagged health-care spending retarded GDP growth. In the future, education spending may play a major role in determining the GDP growth pro le of the country.
One noticeable feature of the ndings of the estimated VEC and VAR models in the countries concerned is that the gestation lags of education spending in promoting GDP are longer than those of health-care spending in this regard. This may be due to the fact that, at the very early stage of growth, spending on education works as consumption spending, which may not contribute directly to GDP and may depress GDP (as is found in the case of Sri Lanka). However, with the passage of time such spending was channeled through the process of teaching, learning, research and training to the formation of a skilled labour force, which we call human capital. This human capital participates in productive activities and leads to (endogenous) technical progress, contributing positively to economic growth. In such cases, the time lag of four years or more is quite sensible. Health-care spending, on the other hand, contributes to GDP with a gestation lag of one year. Health-care spending exploits the generation of improved health-care services, which reduce illness and casualties, and provide a healthy labour force. The healthy labour force participates in and contributes positively to GDP in such cases where the gestation lag may be short or long. Vol. 19, No. 2, December 2012 2/23 
V. CONCLUDING REMARKS AND POLICY IMPLICATIONS
This study examines the ef cacy of public spending in education and health care in promoting GDP in the Asia-Paci c region over the period 1981-2011. For this purpose, the study involved the use of a battery of time series data-analysing techniques, such as unit-root tests (ADF tests), cointegration, estimation of error correction models, unrestricted vector autoregressive models and variance decomposition analysis. ADF tests con rmed that each of the three time series (GDP, public spending on education and health care) is non-stationary at their log level and stationary upon rst differencing in the countries concerned. Johansen (1991; multivariate cointegration tests involving I(1) series of GDP, public spending on education and health care testify to the existence of a cointegrating relationship in the case of Bangladesh, Kiribati, Malaysia, Maldives, the Philippines and the Republic of Korea. However, in the case of Fiji, Nepal, Singapore, Sri Lanka, Tonga and Vanuatu a cointegrating relationship among GDP, education and health-care spending is absent.
Study with the error correction models enquires into the underlying causal effect of education and health-care spending in promoting GDP in Bangladesh, Kiribati, Malaysia, Maldives, the Philippines and the Republic of Korea. On the other hand, the causal impact of the rate of change of education and health-care spending on the GDP growth of Fiji, Nepal, Singapore, Sri Lanka, Tonga and Vanuatu has been studied through the estimation of appropriate unrestricted VAR models.
The impact of education and health-care spending on GDP is not uniform. In the case of 9 of the 12 countries, education spending has been found to exert a positive impact on GDP. These countries are Bangladesh, Fiji, Kiribati, Maldives, Nepal, Singapore, Sri Lanka, Tonga and Vanuatu. In Bangladesh, Nepal, the Philippines, Singapore and Sri Lanka the impact of health-care spending on GDP was found to be positive and signi cant. In the Philippines education spending has a negative impact on GDP, while in Kiribati, Maldives and Vanuatu the impact of health-care spending on GDP was found to be negative.
The study shows that the impact of education and health-sector spending on GDP growth is not an instantaneous process. A gestation lag exists before these forms of spending exert appreciable impacts on economic growth. As a matter of fact, spending on education and health care initially leads to the development of human capital, which ultimately manifests itself in the form of economic growth. Accordingly, the economic authority of any country cannot expect an immediate upsurge in l a
economic growth following spending on education and health. Development of human capital is a time-consuming process which accounts for the gestation lags. These gestation lags vary across countries depending upon the state of the socioeconomic and administrative structure in the countries concerned.
It is therefore imperative for the economic authority to be persistent in allocation of resources for the development of the education and health sectors.
Utilization of allocated resources in the education and health sectors may depend largely on good governance and ef cient institutions, and skilled manpower of the country. In order to reap all the bene ts of such spending, the authority should ensure a supportive and ef cient socioeconomic structure for ef cient utilization of resources. Particularly, in the case of low-income countries it may be a dif cult task to utilize such resources in the face of some practical constraints, such as inappropriate planning, faltering monitoring and skilled manpower, widespread corruption and administrative bottlenecks. In such a situation, inclusion of some potential variables, such as good governance and democracy, may provide insights about the ef cacy of such spending on economic growth. However, as this study has not included such variables, another study may be undertaken in this direction. 97 (2001) 88 (2009) 97 (2001) 97 (2009) 95. 41 (1979) 97.06 (2002) 95 (2001) 95 (2009) 97 (2001) 97 (2009) ..
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